Abstract
Introduction
Nigeria has a land size of about 924,000km 2 and the World Meteorological Organization (WMO) has suggested a tolerable gauge network density of 1 gauge per 3000km 2 and 1 gauge for 1000km 2 for flat and mountainous areas respectively in the tropical zones of the world (Reddy, 2005) . This varies for different parts of the world. The area to be covered, for example, by Indian standards is smaller than those recommended by the WMO. While Nigeria has a National Water Policy, the area of coverage for a rain gauge is not specified, thus the WMO recommendation is adopted for Nigeria. In the Sahelian region of West Africa, it is approximately 1 rain gauge per 10,000km 2 (Panthou, 2012) . Considering the number of rainfall gauging stations currently fully operational in Nigeria, the density is about one gauging station to about 40,000km
2 . While the density of a rain gauge network is important, the spread or arrangement of the gauges over the area is also of importance. In this case, a fair spread must be proven as it has been established that even where there is a large density of gauges, a large error may occur if the pattern estimation of the distribution is not well done (Kutiel and Kay, 1996) . The provision of the financial outlay required to install rain gauges which will simultaneously satisfy the requirement of volume measurement and pattern estimate is not feasible in Nigeria for now.
Most of central Nigeria lies in the savannah where the terrain is relatively flat, even though with occasional occurrence of inselbergs. Adopting the WMO tolerable density of one rain gauge per 3000km 2 , the area ought to have at least 210 stations. The number of functional stations in the area is far less than this and thus interpolation of rainfall data would be necessary in certain situations where data are lacking for planning and design purposes.
The lack of hydrological data as a result of progressive decline in ground based observation network is largely due to lack of funds to provide and maintain gauging stations (Oman and Edwards, 2007) and ubiquitous ungauged basins incidences has made it difficult for detailed drainage basin studies and adequate water resources assessment, hence the need for better understanding of hydrological processes and their quantifications and usage. Lack of adequate data has necessitated the use of various statistical tools for flood estimation and predictions (Olukanni and Salami, 2008) . Studies have also shown that most of the existing hydro metrological stations in Nigeria are not in proper locations and cannot be said to be representative of the area they are meant to cover (Ologunorisa, 2009) .
Interpolation is the estimation of the rainfall value at an unmeasured location from observed values at surrounding locations. Depending on the nature of data, there are various interpolation methods used in hydrology to generate information for specific sites and can be classified into three main groups: deterministic (Thessien Polygon, Inverse Distance Weight (IDW), Splines and Linear Regression), probabilistic (Kriging) and other methods. A comparison of the different methods has been carried out in different parts of the world and the result varies. However, in most of the cases, the probabilistic approach is more acceptable. The choice of interpolation method for rainfall data has been found to depend on the quality of valid measurements, nature of the rains in the study area and the quality of observations (Ly et al., 2013) . The Ordinary Kriging has been found suitable for the Island of O'ahu in Hawaii, USA (Mair and Fares, 2011) and in South Africa (Coulibaly and Becker, 2007) .The Gaussian model of Kriging achieved the best results in the Ourthe and Ambleve catchments of Belgium (Ly et al., 2013) and the Ningxia region of China (Hao and Chang, 2013) , while the exponential model showed a consistent performance in Switzerland (Naoum and Tsanis, 2004) . IDW, a deterministic method, had the highest efficiency in the Brisbane area of Australia (Knight et al., 2005) .
Deterministic methods show a continuous surface by only using the geometric characteristics of point observations. Probabilistic methods permit the inclusion of the variance in the interpolation process and to compute the statistical significance of the predicted values. Other methods consist of applications that are specially developed for meteorological purposes by applying a combination of deterministic and probabilistic methods.
Study area
Nigeria is located in the tropical zone of West Africa between latitude 4°N and 14°N and longitude 2°2ʹE and 14°30ʹE and has a total area of 923,770 km 2 (Barbour, 1982) .The country's North -South extent is about 1050 km and its maximum EastWest extent is about 1150 km. Land cover ranges from thick mangrove forest and dense rain forest in the South to a near desert condition in the North Eastern corner of the country. Three broad ecological zones are distinguished: the northern Sudan savanna, the guinea savanna or middle belt and the southern rain forest. Based on temperature, Table 1 presents agroecological zones in a North-South succession except the mountainous zone which is found at the border with Cameroon and Plateau zone at the centre of the country. 
Methodology

Available Rainfall Data
Precipitation data for the study was sourced from the Nigeria Metrological Agency (NIMET) facilities located at twenty-one stations including airports across Nigeria. NIMET also provides weather information for the aviation industry. Table 2 gives a summary of the locations of gauge stations and rainfall data obtained. 
Other Data Sources
As a further attempt at ensuring data quality, other sources of rainfall data consulted include the Tropical Rainfall Measuring Mission (TRMM) which is a joint mission between the National Aeronautics and Space Administration (NASA) of the United States and Japan Aerospace Exploration Agency (JAXA). It is designed to monitor and study tropical rainfall and has rainfall data measured by remote sensing from 1998 to date. Also consulted was the Climate Research Unit of the University of East Anglia in the United Kingdom which has a collection of historical climatic data from 1900 to the present that covers the globe.
Data Preparation
Boxplots and Double Mass Curves were used to check for consistency while principal component analysis (PCA) was used to confirm the nature of rainfall distribution. It has been shown that the communality values derived from PCA of rainfall records can be used to derive the best representative stations from a given group of stations (Basalirwa et al., 1993) .
Decision on which data to use was made using the instrument of Boxplots. Inconsistencies can arise in the rainfall data at a rain gauge station if conditions relevant to recording of rainfall at the station changes significantly during the period of record. This would be felt from the time a significant change took place. Some causes of inconsistency will include shifting of rain gauge to a new location, neighbourhood of the station is undergoing significant changes, errors in observation from a certain date and change in ecosystem due to natural calamities such as forest fires, landslides etc. The double mass curve (DMC) method was used to check for data inconsistency. This method is also useful in checking arithmetical errors in transforming rainfall data from one record to another. A DMC is a plot on a graph paper of the cumulative figures of one variable against the cumulative figures of another variable or against the cumulative computed values of the same variable for a concurrent period of time (Searcy and Hardisson, 1960) .
PCA identifies pattern and is used to reduce a large set of data to a smaller set with minimum loss of information. This mathematical procedure allows the derivation of principal components from a set of possibly related variables. A detailed description of PCA will be found in Jolliffe (2002) .
Method of Interpolation
Cross validation remains one of the best methods to check the efficiency of an interpolation (Robinson and Metternicht, 2006) . The choice of interpolation method to use was narrowed down to the Inverse Distance Weight and the different variants of kriging by cross validation. These models were used elsewhere and have proved efficient (Nusret and Dug, 2012) . The Arcgis version 10.2 software was also useful in the process. A good way to select the best method is to calculate the Root Mean Square Error (RMSE) for each method and the one with the least error is considered to be the best interpolation method suitable for the data (Ghazal et al, 2013) . A cross validation of the methods was thus carried out and the best method of interpolation was considered as the one that gave the least difference between the measured and the predicted value. Table 3 shows summary of descriptive statistics of rainfall measurement from the gauging stations. Rainfall variation between May and October is relatively stable, an indication that rainfall pattern across the country in these months may be fairly consistent. The low variation coefficients also indicate that the monthly data are less dispersed from station to station. Apart from the month of May, the positive values of the coefficients of skewness will usually be an indication that most of the rainfall data are generally lower than the mean. This is due to very high and very low values for the extreme south and extreme north of the country respectively. The correlation matrix and PCA eigen values at a significance level of 0.05 in Tables 4 and 5 respectively show a high correlation between the gauging stations at 95% Confidence Interval. Furthermore, the first PC explained 93% of the data variance and thus the stations can be classified together. It is an indication that the normal seasonal variation of rainfall in central Nigeria is homogenous and this is dominated by the rain brought by the south west trade wind. The component loadings of each station in the first principal component are in Table 6 . 
Results and Discussion
Available Data
Data consistency and Criteria for Comparison
Data quality influences the interpolation method selection (Ly et al., 2013) and plots of the DMC for the stations listed in Table  2 show some satisfactory consistency. There was no obvious break in slope which will be an indication of inconsistency and thus no rainfall data adjustment was done. It is also reasonable to conclude that there was no change in gauge locations, type, environment and climate as to significantly affect data consistency at any of the stations. The data was then employed to test the IDW method and the different variants of Kriging though crossvalidation and the resulting RMSE is shown in Table 7 .While no single method fitted every month, the Guassian semivariogram model of Kriging yielded the least error for most of the months and on the total average. All the four variants of Kriging considered gave better results than the IDW method. These results are valid to the limit of a satisfactory quality of rainfall data used. If the data is of poor quality or unreliable, the uncertainty in error estimation is increased or distorted and a wrong method may emerge as the best. This follows especially from the relatively small difference in the values of the RMSE for all the models.
A plot of the RMSE for all the models is in Figure 3 . RMSE for May to July seems to be the same for the Kriging models which implies that rainfall does not vary much across locations in central Nigeria in the middle of the rainy season. Since monthly data is used for this analysis, it is reasonable to assume that the number of rainy days in a year plays a role in the propagation of interpolation errors. 
Conclusion
The number of rainfall gauging stations in Nigeria is lower than the recommended density by the WMO and this makes interpolation imperative for the many ungauged catchments in Nigeria. Rainfall data collected by NIMET and the River Basin Authorities has been shown to be of a satisfactory quality and can be used for modelling studies and water resources planning. However, where the need for interpolation arises, the Guassian model of Kriging is best suited for central Nigeria.
